The ultrastructural organization of virus chromatin was studied within nuclei prepared from CV1 cells (cultured monkey kidney cells) lytically infected with SV40 virus (simian virus 40) by a procedure which allows a mild loosening of nucleoproteins. In addition to dispersed host components, DNA-containing nucleoplasmic structures could be identified as virus chromatin. Both standard staining for structure and specific staining for DNA clearly revealed in thin sections the nucleosomal structure of well-extended virus chromatin as well as alignments of virions on host chromatin. In addition, replicating and transcribing virus chromatins were abundant as revealed by high-resolution autoradiography. Therefore, the procedure of loosening of nucleoproteins used in this report also preserves the active SV40 chromatin and allows the in situ visualization in Epon sections of transcription and replication of the virus genome.
INTRODUCTION
The minichromosome of simian virus 40 (SV40) is visualized by its isolation from infected cells and recovery on to electron microscopic grids. After staining or rotary shadow-casting, it generally consists of widely packed nucleosomes which are more or less regularly spaced (Bellard et al., 1976; Zentgraf et al., 1978) . However, a few SV40 minichromosomes display a short region of their DNA which is not organized into nucleosomes (Jakobovits et al., 1980; Saragosti et al., 1980) . Virus deoxyribonucleoproteins in permissively infected cells are not detectable in routinely embedded and sectioned cells (Granboulan et al., 1963; Tournier et al., 1961) . The in situ molecular hybridization technique allows their localization in situ (Geuskens & May, 1974) but not their structural study. However, we have recently shown that the visualization of minichrornosomes in Epon sections of infected cells is possible following a treatment which induces a partial loosening of nucleoproteins (Puvion-Dutilleul et al., 1980; Puvion-Dutilleul & Puvion, 1980b) . We previously demonstrated that this treatment reveals circular fibres with irregularly spaced protuberances. We interpreted these structures as SV40 minichromosomes, although the presence of DNA was suggested only indirectly by the disappearance of the circular fibres following DNase extraction and by their bleached appearance following preferential ribonucleoprotein staining.
In the present study, a clear morphological definition of the fine structure of the minichromosome was achieved by means of a specific DNA stain. In addition, highresolution autoradiographical studies after short pulses with tritiated uridine or tritiated thymidine demonstrated that the loosening procedure preserved both nascent RNA and DNA.
0022-1317/82/0000-4789 $02-00 © 1982 SGM F. PUVION-DUTILLEUL AND E. PUVION METHODS CV1 (monkey kidney cells) were infected with SV40 viruses according to the experimental conditions employed in a previous study (Puvion-Dutilleul et al., 1980) . One day after the virus infection, cell monolayers were incubated for 5 min in 2 ml culture medium containing 100/~Ci/ml [5-3H]uridine (sp. act. 27 Ci/mmol) (C.E.A. Saclay, France). They were rinsed for 1 min in culture medium containing 0.1% non-radioactive uridine. Other infected cultures were incubated for 10 min in the presence of 100 ~tCi/ml [methyl-3H]thymidine (sp. act. 45 Ci/mmol) and rinsed for 1 min in a non-radioactive medium. After labelling, the attached cells were lysed during fixation with an aqueous solution adjusted to pH 8.5 with 0.1 M-borate buffer and containing 1% formaldehyde, 0.1 M-sucrose and 0.4% Photo flo (Kodak). During the 1 h treatment, the cells were scraped from the plastic substrate and centrifuged. The resulting translucent pellets were then dehydrated in ethanol and embedded in Epon. In addition, other infected cultures were not submitted to the loosening procedure. They were fixed in situ with 1.6% glutaraldehyde in 0-1 M-phosphate buffer pH 7-3 for 30 rain. They were then detached from their substrate and centrifuged into pellets prior to dehydration and embedding.
DNA was specifically revealed by the technique of Cogliati & Gautier (1973) in which Epon sections were harvested on to uncoated gold grids (mesh 300) and were floated for 40 rain at 37 °C on 1% osmium-amine-SO 2 in water. The ribonucleoproteins (RNP) were preferentially stained with the uranyl-EDTA-lead regressive method (Bernhard, 1969) . Sections were also routinely contrasted with uranyl acetate and lead citrate. Micrographs were taken with a Siemens Elmiskop 101 electron microscope at 60 or 80 kV.
For autoradiography, Ilford L4 emulsion was applied over thin sections mounted on Formvar-coated grids by the loop method (Haase & Jung, 1964) . After 4 months exposure, autoradiographs were developed with the gold latensification phenidon technique (Bouteille, 1976) . Sections were contrasted with uranyl and lead or with preferential RNP staining.
RESULTS

General morphology
After fixation with glutaraldehyde alone and following specific DNA staining ( Fig. 1 to 3 ), in nuclei containing only a few nucleocapsids (Fig. 1 ) the cell chromatin was mainly revealed as a dispersed structure, condensed only along the nuclear envelope and in association with the nucleolus in the positions occupied by the well-known chromatin bands. On the other hand, in nuclei having a large number of virions (Fig. 2 ) the chromatin was incompletely marginated and, in the central part of the nuclei, only DNA-containing nucleoids of the virus particles were stained (Fig. 3) .
As described previously (Puvion-Dutilleul et aL, 1980) , following the loosening procedure, the nuclear organization of SV40-infected cells was strikingly modified. Virus chromatin in the centre of the nuclei appeared as individual circular molecules at various steps of activity. The uranyl and lead staining visualized its knobby configuration in agreement with the well-known SV40 minichromosome ultrastructure. In favourable planes of section (Fig. 4) , there were spheres of 10 to 12 nm in diam. separated by a thin filament of about 3 nm in thickness. The latter was visible only in cells in which there was extensive dispersal of the nucleoproteins. When dispersal was more limited, the minichromosomes seemed to be constituted only of closely packed spheres. The spheres frequently appeared empty, that is, in the form of rings (Fig. 4) . This configuration might be related to either the absence of staining of the protein core of the virus nucleosomes or to the loss of this core during the steps of the preparative procedure. SV40 minichromosomes were sometimes connected to a virion S V 4 0 chromatin in thin sections
o-¥~ suggesting a partial encapsidation of virus chromatin (Fig. 4) . In addition, alignments of discrete virions on putative host chromatin threads suggested a transient virion-host relationship (Fig. 5) . The DNA-specific stain revealed only the D N A fibres of the host chromatin threads and SV40 minichromosomes. The former were mainly observed in the peripheral part of the nuclei whereas the latter were more frequent in the central part. Virus D N A appeared as circular fibres. Depending on the plane of section, they were sometimes but not always closed (Fig. 6 ). Empty rings, 10 to 12 nm wide, randomly located on these circular fibres, were stained ( Fig. 7  to 9 ). These rings consisted of a thin positive filament of about 3 nm in thickness. Consequently, a favourable plane of section of well-extended molecules clearly revealed the nucleosomal organization of the virus D N A and confirmed that which we previously could only assume. In addition, in the periphery of a few nuclei, stained virus nucleoids were located in very close proximity to host chromatin threads (Fig. 10) , giving an appearance similar to that observed after double-staining (Fig. 5) .
Incorporation of uridine
After a short (5 rain) pulse of radioactive uridine and glutaraldehyde fixation, we observed two types of distribution of the silver grains. The nuclei displaying a dispersed chromatin and few virions exhibited label throughout the nucleus with the greater concentration on the nucleolus (Fig. 11) . On the other hand, in nuclei filled with numerous virions, silver grains were seen only on the marginated chromatin and nucleolus. The centre of the latter nuclei, which contained only juxtaposed virions, was almost entirely devoid of label. Following the loosening procedure, two different types of labelling were again observed depending on the number of virions, but new information was provided. In cells containing only a few virions the entire nucleoplasm was uniformly labelled as above but, in addition, it was possible to detect silver grains superimposed over virus chromatin (Fig. 13, 14) and in a few cases to see labelled linear fibrils resembling nascent R N P fibrils attached to the virus minichromosomes (Fig. 14) . This autoradiographical evidence supports our previous suggestion based on morphological evidence that transcribing minichromosomes persist in nuclei submitted to our loosening procedure. In nuclei displaying numerous virions, on the other hand, silver grains were exclusively localized on the loosened marginate chromatin with none over the virus material. In both cases, the filamentous masses resulting from the loosening of the fibrillar component of the nucleolus were heavily labelled (Fig. 12) . 
Incorporation of thymidine
In cultures which were not submitted to our loosening procedure, the nuclei containing large areas of virions displayed only a slight labelling whereas nuclei without virions or with only a few dispersed virions were heavily labelled (Fig. 15) . In both cases, nucleoli were devoid of label. Following the loosening procedure, as above, the label was mainly seen in nucleoplasm displaying only a few virions (Fig. 16) . The central part of these nuclei, containing numerous minichromosomes, was more intensely labelled than the peripheral nuclear region which contained host chromatin threads. The loosened nucleolar components, easily identified by their filamentous masses, were devoid of label. By reason of the sectioning technique used in this report, it was not possible to observe with certainty the morphological appearance of replicating chromosomes although a few silver grains were present in close proximity to minichromosomes (Fig. 17, 18) . Nevertheless, this autoradiographical study supports the evidence that virus nascent DNA is preserved by the loosening procedure.
D I S C U S S I O N
During lytic infection of CV1 cells by SV40, the in situ visualization of virus chromatin is possible only after partial dispersion of nucleoproteins by a procedure using a non-ionic detergent in a low ionic strength medium. The cytochemical and autoradiographical techniques used in this report improve our previous description of the fine structure of in situ SV40 chromatin and confirm the relationship between virions and host ehromatin (Puvion-Dutilleul et al., 1980; Puvion-Dutilleul & Puvion, 1980 b) .
Our previous assumption concerning the nucleosomal organization of in situ SV40 chromatin was proved here by the use of a DNA-specific stain which showed that virus DNA was arranged in irregularly packed empty rings. This organization of virus DNA agrees with results obtained by positive staining of purified SV40 minichromosomes spread in a low ionic strength medium with a solution of uranyl acetate (Moyne et al., 1980) , a stain which is for the first time that the technique of Cogliati & Gautier (1973) is sensitive enough to reveal individual DNA fibres. Anchorage sites of nascent RNA and DNA on the virus chromatin are resistant to extraction with Photo fio and low ionic strength medium, all used in the dispersion procedure. The configuration of relaxed circular molecules carrying a few linear fibres was suggestive of transcriptional activity of the SV40 genome (Aloni et al., 1977; Gariglio et al., 1979; Wasylyk et al., 1979; Llopis et al., 1981) . In embedded material, the activity of the virus genome was previously shown only by the presence of silver grains scattered through the nucleoplasm of infected cells incubated with tritiated uridine or thymidine (Granboulan & Tournier, 1965) . Although we are aware of the limitations of high-resolution autoradiography in efficiency and resolution, this technique allows a clear demonstration of the persistence of both transcribing and replicating virus chromatins within dispersed nucleoproteins. Similar autoradiographical evidence has also been obtained for transcribing DNA of uninfected somatic mammalian cells (Puvion-Dutilleul & Puvion, 1980a) . However, our experimental conditions were not the best to demonstrate that virus transcription and replication occurred on the same SV40 DNA duplex. It should be mentioned that Fernandez-Munoz et al. (1979) found this phenomenon in isolated SV40 nucleoprotein complexes. On the other hand, it was not surprising that host DNA showed a high level of transcription activity since it was known that lytic infection with SV40 viruses does not induce its switch off (Granboulan & Tournier, 1965 ; for review, see Kelly & Nathans, 1977) .
F. P U V I O N -D U T I L L E U L
Many nuclear virions were associated with threads of host chromatin. The tenacity of this association was indicated by its resistance to our preparative conditions which tend to spread nuclear components apart. Virions were connected to an underlying filament which was electron-dense after DNA-specific staining. We have previously shown that it was solubilized by DNase I treatment except between closely juxtaposed virions where it was DNaseresistant. Buckler-White et al. (1980) reported the participation of the nuclear matrix in the encapsidation of polyoma virus. We cannot exclude the presence of a proteinaceous filament parallel to the chromatin threads underlying the virions in our material. The disappearance of most of the host proteinaceous nuclear components after DNase I digestion, as reported in our previous work, could be related to our preparative conditions which minimized the oxidation of protein sulphydryl groups. Indeed, Kaufmann et al. (1981) demonstrated that a non-chromatin network was present only when nuclei were extracted by agents which induced intermolecular protein disulphide bonds.
In conclusion, we propose that the dispersion step of our preparative procedure has induced in the nuclei of cells lytically infected with SV40 viruses the appearance of partially extended virus chromatin and associated transcription fibres. It also revealed that a significant number of the virions were associated with host DNA. Therefore, this technique permits the visualization of virus genome activity as well as the structural relationship between viruses and host chromatin although the resolution obtained in thin sections is not as good as that observed on spread-purified virus DNA.
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